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(57) ABSTRACT

The present invention is a programmable QC LDPC encoder
for encoding user data. The encoder may be configurable for
implementation with a read channel. The encoder may
include a plurality of barrel shifter circuits. The barrel shifter
circuits are configured for generating a plurality of parity bits
based on interleaved user bits received by the encoder. The
barrel shifter circuits are further configured for outputting the
parity bits. The encoder may further include an encoder inter-
leaver memory. The encoder interleaver memory may be
communicatively coupled with the barrel shifter circuits and
may receive the parity bits output from the barrel shifter
circuits. The encoder interleaver may be configured for inter-
leaving the parity bits. Further, the encoder may be config-
ured for outputting the interleaved parity bits to a multiplexer.
The barrel shifter circuits may generate the plurality of parity
bits via an encoding algorithm: p=u*G7.

20 Claims, 3 Drawing Sheets
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PROGRAMMABLE QUASI-CYCLIC
LOW-DENSITY PARITY CHECK (QC LDPC)
ENCODER FOR READ CHANNEL

PRIORITY

The present application is a divisional application of U.S.
patent application Ser. No. 12/288,221, filed Oct. 17, 2008,
which is incorporated herein by reference.

FIELD OF THE INVENTION

The present invention relates to the field of encoder/de-
coder design and particularly to a system and method for
providing a programmable quasi-cyclic low-density parity
check (QC LDPC) encoder for a read channel.

BACKGROUND OF THE INVENTION

Currently available encoder/decoder designs may not pro-
vide a desired level of performance and/or flexibility.

Therefore, it may be desirable to provide a solution which
addresses the above-referenced problems associated with
current encoder/decoders.

SUMMARY OF THE INVENTION

Accordingly, an embodiment of the present invention is
directed to a method for encoding, including: writing a plu-
rality of user bits to a first interleaver memory; interleaving a
first set of user bits included in the plurality of user bits via the
first interleaver memory; directing a second set of user bits
included in the plurality of user bits to a multiplexer; provid-
ing the interleaved user bits to an encoder; and generating
parity bits based on the received interleaved user bits.

A further embodiment of the present invention is directed
to a system, including: a first interleaver memory, the first
interleaver memory configured for receiving a plurality of
user bits, the first interleaver memory further configured for
interleaving a first set of user bits included in the plurality of
user bits, the first interleaver memory further configured for
outputting the interleaved user bits, the first interleaver
memory further configured for outputting a second set of user
bits included in the plurality of user bits; an encoder, the
encoder configured for being communicatively coupled with
the first interleaver memory, the encoder further configured
for being communicatively coupled with a second interleaver
memory, the encoder further configured for receiving the
interleaved user bits, the encoder further configured with a
plurality of barrel shifter circuits, the plurality of barrel shifter
circuits configured for generating parity bits based on the
received interleaved user bits, the encoder further configured
for directing the parity bits to the second interleaver memory,
the second interleaver memory configured for interleaving
the parity bits and for outputting the interleaved parity bits;
and a multiplexer, the multiplexer configured for being com-
municatively coupled with the first interleaver memory, the
multiplexer further configured for being communicatively
coupled with the encoder, the multiplexer further configured
for receiving the second set of user bits output from the first
interleaver memory, the multiplexer further configured for
receiving the interleaved parity bits output from the second
interleaver memory, the multiplexer further configured for
multiplexing the interleaved parity bits and the second set of
user bits to form a multiplexer output, the multiplexer further
configured for writing the multiplexer output to a storage
device.
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An additional embodiment of the invention is directed to an
encoder for encoding user data, said encoder including: a
plurality of barrel shifter circuits, the barrel shifter circuits
configured for generating a plurality of parity bits based on
interleaved user bits received by the encoder, the barrel shifter
circuits further configured for outputting the parity bits; and
an encoder interleaver memory, the encoder interleaver
memory configured for being communicatively coupled with
the plurality of barrel shifter circuits, the encoder interleaver
memory further configured for receiving the parity bits output
from the barrel shifter circuits, the encoder interleaver
memory further configured for interleaving the parity bits,
wherein the encoder is configured for outputting the inter-
leaved parity bits to a multiplexer.

A further embodiment of the present invention is directed
to a computer-readable medium having computer-executable
instructions for performing a method for encoding, said
method including: generating parity bits based on received
interleaved user bits; directing the parity bits to a second
interleaver memory; and interleaving the parity bits via the
second interleaver memory.

It is to be understood that both the foregoing general
description and the following detailed description are exem-
plary and explanatory only and are not necessarily restrictive
of the invention as claimed. The accompanying drawings,
which are incorporated in and constitute a part of the speci-
fication, illustrate embodiments of the invention and together
with the general description, serve to explain the principles of
the invention.

BRIEF DESCRIPTION OF THE DRAWINGS

The numerous advantages of the present invention may be
better understood by those skilled in the art by reference to the
accompanying figures in which:

FIG. 1 is a data flow diagram for the system/encoding
system of the present invention in accordance with an exem-
plary embodiment of the present invention;

FIG. 2 is a block diagram schematic illustrating an encod-
ing system in accordance with a further exemplary embodi-
ment of the present invention; and

FIG. 3 is a flow chart illustrating a method for encoding in
accordance with an exemplary embodiment of the present
invention.

DETAILED DESCRIPTION OF THE INVENTION

A circulant size, p, for QC (quasi-cyclic) LDPC is deter-
mined by the structure of the parity check matrix. An embodi-
ment of an encoder/decoder design of the present invention
may be of sufficient flexibility such that said encoder may
provide optimized interleaving. Further, an embodiment of an
encoder/decoder design of the present invention may be Read
Only Memory (ROM)/Register programmable, such that the
parity check H matrix base shifts and the generator G matrix
base shifts may be implemented with/put into the ROM/
Register.

A first encoder design approach may include masking a
parity portion of the H matrix, such that H=[H,,, H,], wherein
H is the H matrix, H,, is a user portion of the H matrix, and H
is a parity portion of the H matrix. In exemplary embodi-
ments, H,, (the parity portion) may be full rank/invertible
(square matrix). Further, an architecture of such an encoder
may be based on computation of a partial syndrome via the
following equation:

s=H, *u
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wherein s is the partial syndrome, H,, is the user portion of the
H matrix, and u=user bit(s). Additionally, the architecture of
such an encoder may be further based on computation of
parity bits via the inverse matrix of H,, (which would be H,,” b.
Since H, *p=s, computation of said parity bits via the inverse
matrix, Hp"l, may be performed via the following equation:

p:Hp’l*s

wherein p=parity bit(s), Hp‘1 is the inverse matrix, and s is the
partial syndrome.

Regarding the complexity of the above-referenced first
encoder design approach, the inverse matrix, Hp‘l, may be a
high density quasi cyclic (QC) matrix. Further, with the
above-referenced first encoder design approach, hardwiring
may be implemented or computation of parity bits may be
carried out via barrel shifter circuits. Regarding the program-
mability of the above-referenced first encoder design
approach, if hardwiring is implemented, the inverse matrix,
Hp‘l, may need to be fixed unless dedicated circuits are being
implemented for different codes. Still further, the user portion
ofthe H matrix, H,,, may be fully programmable by the barrel
shifter base values. In exemplary embodiments of the present
invention, the H matrix may be assumed to have a number of
columns=N, a number of parity bits/checks=M, and a number
of user bits=K, wherein K=N-M.

A second encoder design approach may include imple-
menting a classic linear code encoding method using matrix
[1, G] wherein I is the identity matrix and G is a non-trivial
part of the generator matrix. With said second encoder design
approach, parity bits may be calculated/generated via the
following equation:

p:u*GT

Regarding the complexity of the above-referenced second
encoder design approach, generator matrix G may be a dense
QC matrix. Further, the second encoder design approach may
implement the same circuits/circuitry as the first encoder
design approach if barrel shifter circuits are being imple-
mented to generate/calculate parity bits. Regarding the pro-
grammability of the above-referenced second encoder design
approach, code may be fully programmable if circulant size
matches the circuit. Further, the above-referenced second
encoder design approach may support QC code, even if the
parity portion has masking. Further, for the generator matrix,
G, the number of rows=the number of user bits, while the
number of columns=the number of parity bits.

Reference will now be made in detail to the presently
preferred embodiments of the invention, examples of which
are illustrated in the accompanying drawings.

Referring generally to FIG. 1, a data flow diagram for a
system/encoding system (ex.—for encoding user data) 100,
in accordance with an exemplary embodiment of the present
invention, is shown. In the illustrated embodiment, the system
100 includes a first interleaver memory 102. The first inter-
leaver memory 102 may be configured for receiving user data
(ex.—a plurality of user bits). For instance, the first inter-
leaver memory 102 may receive the user data/user bits from a
controller (said receipt of user data/user bits shown as 104).
The first interleaver memory 102 may be further configured
for interleaving a first set of user bits included in the plurality
of user bits.

In current embodiments of the present invention, the first
interleaver memory 102 may be further configured for out-
putting the interleaved user bits (ex.—a circulant of inter-
leaved user bits) (said output of interleaved user bits shown as
106). In additional embodiments, the first interleaver memory
102 is further configured for outputting a second set of user
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bits included in the plurality of user bits (said output of the
second set of user bits shown as 108).

In exemplary embodiments of the present invention, the
system 100 may further include an encoder/decoder 110. The
encoder 110 may be configured for supporting quasi cyclic
(QC) code. Further, the encoder 110 may be a low-density
parity-check (LDPC) encoder. Still further, the encoder 110
may be configured/configurable for implementation with a
read channel. Further, the encoder 110 may be a Read Only
Memory (ROM)-programmable/register-programmable
encoder, such that H matrix base shifts may be implemented
with/placed into the ROM/register. The encoder 110 may be
configured for being communicatively coupled with the first
interleaver memory 102. The encoder 110 may be further
configured for being communicatively coupled with a second
interleaver memory 112 (as shown in FIG. 1) and/or the
encoder 110 may include/contain the second interleaver
memory/encoder interleaver memory (as shown in FI1G. 2). In
additional embodiments, the encoder 110 may be configured
for receiving the interleaved user bits (said output of inter-
leaved user bits from the first interleaver memory 102/said
receipt of the output interleaved user bits by the encoder 110
shown as 106).

In additional embodiments of the present invention, the
encoder 110 may be further configured with a plurality of
barrel shifter circuits 114 (ex.—four barrel shifter circuits, as
shown in FIG. 2). The plurality of barrel shifter circuits 114
may be configured for generating a plurality of parity bits
based on the received interleaved user bits. Further, the barrel
shifter circuits 114 may also be configured for generating the
parity bits via implementation of/based upon integers (ex.—
shown as s,, s,, s; and s,,) received from a communicatively
coupled memory (ex.—a Read Only Memory (ROM)), and/
or register. For example, the integers may be H matrix base
shifts. Further, the integers may be less than or equal to a
circulant size p. In exemplary embodiments, the plurality of
barrel shifter circuits 114 may be configured for generating
the parity bits via the above-described encoder algorithm,
which implements the above-described generator matrix, G

P=u*G*

An exemplary generator matrix, G, may be represented as
shown below

Gii Gz Gis

Ga1 Gaz Gos
G =

Gs1 Gip G

Gy Gaz Gas

Further, a basic parity bits computation unit/equation/algo-
rithm may be:

= *,
2 LG

wherein p,, may be a p bit chunk/circulant of parity bits, and
u,, may be a p bit chunk/circulant of user bits.
Further:

= *, * *,
217U *G iR G o+ U *G 5+

= *, * *,
D=t *Go 1+ * G 5+ U3 G 53+

= *, * *,
D37 *Gy 1+ "G 5+ U3 Gy 3+

= *, * *,
D=1 %Gy 1+ %G, o+ U3 *G,, 3+

As mentioned above barrel shifter circuits 114 may be imple-
mented since G, , is a quasi cyclic circulant of weight W, .
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In embodiments implementing four barrel shifter circuits
114, ceil (W, /4) clocks may be required for computing
u,*G,,,,.

In further embodiments, the encoder 110 may be config-
ured for directing the parity bits to the second interleaver
memory 112 (directing of the parity bits to the second inter-
leaver memory 112 shown as 116). For instance, as shown in
FIG. 2, the barrel shifter circuits 114 (ex.—four of the barrel
shifter circuits) may be configured for generating the parity
bits (ex.—p;, P2, P5 and p,,) in parallel and said parity bits may
be output/transmitted in parallel to the second interleaver
memory 112 (ex—XOR as shown in FIG. 2). In embodi-
ments of the system 100 which implement four barrel shifter
circuits 114, quarter rate encoding throughput may be
attained.

In exemplary embodiments, the second interleaver
memory 112 may be configured for being communicatively
coupled with the plurality of barrel shifter circuits 114 and
may be further configured for receiving the parity bits output
from the barrel shifter circuits 114. In additional embodi-
ments, the second interleaver memory 112 may be further
configured for interleaving the parity bits (ex.—such as via
XOR gating circuitry) and may be further configured for
outputting the interleaved parity bits (ex.—a circulant of par-
ity bits) (said outputting of the interleaved parity bits shown
as 118).

In exemplary embodiments of the present invention, the
system 100 may include a multiplexer 120. The multiplexer
120 may be configured for being communicatively coupled
with the first interleaver memory 102. The multiplexer 120
may be further configured for being communicatively
coupled with the encoder 110. In additional embodiments, the
multiplexer 120 may be further configured for receiving the
second set of user bits output from the first interleaver
memory 102 (outputting of the second set of user bits from the
first interleaver memory 102/receipt of the second set of user
bits by the multiplexer 120 shown as 108).

In current embodiments of the present invention, the mul-
tiplexer 120 may be further configured for receiving the inter-
leaved parity bits output from the second interleaver memory
112 (outputting of the interleaved parity bits from the second
interleaver memory 112/receipt of the interleaved parity bits
output by the multiplexer 120 shown as 118). The multiplexer
120 may be further configured for multiplexing the received
interleaved parity bits and the received second set of user bits
to form/generate a multiplexer output 122. Further, the mul-
tiplexer 120 may be configured for writing the multiplexer
output to a storage device/a memory (ex.—a disk).

In exemplary embodiments, the interleaved user bits and
the second set of user bits may be output by/read from the first
interleaver memory 102 at a speed which is a same speed at
which new user data (user bits) may be received by/written to
the first interleaver memory.

FIG. 3 is a flow diagram illustrating an exemplary method
for encoding. The method 300 may include writing a plurality
of'user bits to a first interleaver memory 302. The method 300
may further include interleaving a first set of user bits
included in the plurality of user bits via the first interleaver
memory 304. The method 300 may further include directing
a second set of user bits included in the plurality of user bits
to a multiplexer 306. The method 300 may further include
providing the interleaved user bits to an encoder 308. The
method 300 may further include generating parity bits based
on the received interleaved user bits 310.

In further exemplary embodiments, the method 300 may
further include directing the parity bits to a second interleaver
memory 312. The method 300 may further include interleav-
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6

ing the parity bits via the second interleaver memory 314. The
method 300 may further include transmitting the interleaved
parity bits to the multiplexer 316. The method 300 may fur-
ther include multiplexing the interleaved parity bits and the
second set of user bits to form a multiplexer output 318. The
method 300 may further include writing the multiplexer out-
put to a storage device (ex.—disk) 320. For example, the
multiplexer output may include the multiplexed interleaved
parity bits and the multiplexed second set of user bits. Further,
the multiplexed second set of user bits/second set of user bits
included in the multiplexer output may be written to the disk
in a sequence, said sequence matching an order of receipt of
the second user bits by the first interleaver memory 102, said
order of receipt being a pre-interleaving order. For instance,
the user bits included in the second set of user bits may be
written to the disk in the same order (ex.—their original,
pre-interleaving order) in which said bits were received by the
first interleaver memory 102.

It is to be noted that the foregoing described embodiments
according to the present invention may be conveniently
implemented using conventional general purpose digital
computers programmed according to the teachings of the
present specification, as will be apparent to those skilled in
the computer art. Appropriate software coding may readily be
prepared by skilled programmers based on the teachings of
the present disclosure, as will be apparent to those skilled in
the software art.

It is to be understood that the present invention may be
conveniently implemented in forms of a software package.
Such a software package may be a computer program product
which employs a computer-readable storage medium includ-
ing stored computer code which is used to program a com-
puter to perform the disclosed function and process of the
present invention. The computer-readable medium may
include, but is not limited to, any type of conventional floppy
disk, optical disk, CD-ROM, magnetic disk, hard disk drive,
magneto-optical disk, ROM, RAM, EPROM, EEPROM,
magnetic or optical card, or any other suitable media for
storing electronic instructions.

It is understood that the specific order or hierarchy of steps
in the foregoing disclosed methods are examples of exem-
plary approaches. Based upon design preferences, it is under-
stood that the specific order or hierarchy of steps in the
method can be rearranged while remaining within the scope
of the present invention. The accompanying method claims
present elements of the various steps in a sample order, and
are not meant to be limited to the specific order or hierarchy
presented.

It is believed that the present invention and many of its
attendant advantages will be understood by the foregoing
description. It is also believed that it will be apparent that
various changes may be made in the form, construction and
arrangement of the components thereof without departing
from the scope and spirit of the invention or without sacrific-
ing all of its material advantages. The form herein before
described being merely an explanatory embodiment thereof,
it is the intention of the following claims to encompass and
include such changes.

What is claimed is:

1. A system, comprising:

a first interleaver memory, the first interleaver memory
configured for receiving a plurality of user bits, the first
interleaver memory further configured for interleaving a
first set of user bits included in the plurality of user bits,
the first interleaver memory further configured for out-
putting the interleaved user bits, the first interleaver
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memory further configured for outputting a second set of
user bits included in the plurality of user bits;

an encoder, the encoder configured for being communica-

tively coupled with the first interleaver memory, the
encoder further configured for being communicatively
coupled with a second interleaver memory, the encoder
further configured for receiving the interleaved user bits,
the encoder further configured with a plurality of barrel
shifter circuits, the plurality of barrel shifter circuits
configured for generating parity bits based on the
received interleaved user bits, the encoder further con-
figured for directing the parity bits to the second inter-
leaver memory, the second interleaver memory config-
ured for interleaving the parity bits and for outputting the
interleaved parity bits; and

a multiplexer, the multiplexer configured for being com-

municatively coupled with the first interleaver memory,
the multiplexer further configured for being communi-
catively coupled with the encoder, the multiplexer fur-
ther configured for receiving the second set of user bits
output from the first interleaver memory, the multiplexer
further configured for receiving the interleaved parity
bits output from the second interleaver memory, the
multiplexer further configured for multiplexing the
interleaved parity bits and the second set of user bits to
form a multiplexer output, the multiplexer further con-
figured for writing the multiplexer output to a storage
means.

2. The system as claimed in claim 1, wherein the plurality
of barrel shifter circuits generate the parity bits in parallel.

3. The system as claimed in claim 1, wherein the plurality
of’barrel shifter circuits generate the parity bits via implemen-
tation of integers received from at least one of: a memory, a
register, and a Read-Only memory (ROM).

4. The system as claimed in claim 1, wherein the plurality
of barrel shifter circuits generate the parity bits via an algo-
rithm: p=u*GT.

5. The system as claimed in claim 1, wherein the encoder is
configured to generate the parity bits based on a partial syn-
drome (s) of a user portion (H,,) of a parity check matrix (H)
and user bits (U) such that s=H,, * U.

6. The system as claimed in claim 1, wherein the encoder is
configured to generate the parity bits (p) based on a partial
syndrome (s) of an inverse of a parity portion (Hp"l) of a
parity check matrix (H) such that p:Hp‘1 *s.

7. The system as claimed in claim 1, further comprising one
or more clocks, wherein the plurality of barrel shifter circuits
comprises four barrel shifter circuits and each of the barrel
shifter circuits is associated with one of the one or more
clocks, each of the one or more clocks configured to synchro-
nize the barrel shifter circuits.

8. A method, comprising:

receiving a plurality of user bits with a first interleaver

memory;

interleaving a first set of user bits included in the plurality

of user bits with a first interleaver memory;

outputting the interleaved user bits with the first interleaver

memory;

outputting a second set of user bits included in the plurality

of user bits with the first interleaver memory;

receiving the interleaved user bits with an encoder com-

prising a plurality of barrel shifter circuits;

generating parity bits based on the received interleaved

user bits with the plurality of barrel shifter circuits;
directing the parity bits to a second interleaver memory;
interleaving the parity bits with the second interleaver
memory;
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outputting the interleaved parity bits with the second inter-

leaver memory;

receiving the second set of user bits output from the first

interleaver memory with a multiplexer;

receiving the interleaved parity bits output from the second

interleaver memory with the multiplexer;

multiplexing the interleaved parity bits and the second set

of user bits to form a multiplexer output; and

writing the multiplexer output to a storage means.

9. The method as claimed in claim 8, wherein the parity bits
are generated in parallel.

10. The method as claimed in claim 8, wherein the parity
bits are generated via implementation of integers received
from at least one of:

a memory, a register, and a Read-Only memory (ROM).

11. The method as claimed in claim 8, wherein the parity
bits are generated via an algorithm: p=u * G~

12. The method as claimed in claim 8, wherein the parity
bits are generated based on a partial syndrome (s) of a user
portion (H,) of a parity check matrix (H) and user bits (U)
such that s=H,, * U.

13. The method as claimed in claim 8, wherein the parity
bits (p) are generated based on a partial syndrome (s) of an
inverse of a parity portion (Hp"l) of'a parity check matrix (H)
such that p=H,™" *s.

14. The method as claimed in claim 8, further comprising
synchronizing the plurality of barrel shifter circuits with one
or more clocks.

15. A computer apparatus comprising:

a processor comprising a plurality of barrel shifters and a

multiplexer;

a storage means connected to the processor;

a first interleaver memory connected to the processor;

a second interleaver memory connected to the processor;

and

computer executable program code configured to instruct

the processor to:

record a plurality of user bits in the first interleaver
memory;

interleave a first set of user bits included in the plurality
of user bits;

generate parity bits based on the interleaved user bits
record the parity bits in the second interleaver
memory;

interleave the parity bits;

multiplex the interleaved parity bits and a second set of
user bits included in the plurality of user bits to pro-
duce a multiplexer output; and

write the multiplexer output to the storage means.

16. The apparatus as claimed in claim 15, wherein the
processor is configured to generate the parity bits in parallel.

17. The apparatus as claimed in claim 15, wherein the
processor is configured to generate the parity bits via imple-
mentation of integers received from at least one of: a memory,
a register, and a Read-Only memory (ROM).

18. The apparatus as claimed in claim 15, wherein the
processor is configured to generate the parity bits via an
algorithm: p=u * G*.

19. The apparatus as claimed in claim 15, wherein the
processor is configured to generate the parity bits based on a
partial syndrome (s) of a user portion (H,,) of a parity check
matrix (H) and user bits (U) such that s=H,, * U.

20. The apparatus as claimed in claim 15, wherein the
processor is configured to generate the parity bits (p) based on
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a partial syndrome (s) of an inverse of a parity portion (Hp"l)
of a parity check matrix (H) such that p:Hp‘1 *s.
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